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FLUID FILTERING DEVICE AND METHOD 
FOR FILTERING FLUID 



BACKGROUND OF THE INVENTION 

Multiple well filtration plates such as ninety-six well plates containing the 

5 standard eight by twelve array are commonly used to filter fluids using either vacuum or 
centrifugal force for a variety of applications. Ultrafiltration membranes typically 
require more force than generated by vacuum to filter a fluid and have to be run using 
centrifugation or pressure. Centrifuges adapted with rotors and carriers for the ninety- 
six well microliter plates are very common laboratory equipment and therefore 

10 frequently used to generate the forces required to drive filtration. Viscous, high protein 
containing serum or plasma is one of the fluids requiring ultrafiltration. In one 
application, protein free filtrate from serum is required for drug analysis while in 
another protein-bound drug is conveniently separated from the free drug. This is a 
critically important determination of how much drug is free and, therefore, available to 

1 5 enter the targeted tissues or organs. The ultrafiltration membrane is a very effective 
means to remove the high molecular weight material from the small molecules (e.g. 
drugs) typically being analyzed. These types of experiments are performed in 
pharmaceutical and biotechnology companies as part of the secondary characterization 
or ADME/tox. Serum and plasma represents one of the more difficult fluids to 

20 ultrafilter and commonly utilizes the forces generated by a centrifuge to produce the 
"protein-free" filtrate required for analysis. When serum is separated using both 
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centrifugation and ultrafiltration a characteristic filtrate volume pattern is observed. We 
have called this the "smile effect" and is shown in Figure 1. 

Many of the centrifuge rotors that are used for multi-well plates are swinging 
buckets. When filtering fluids, multiple well centrifugal filtration devices are spun with 

5 all membranes of the well plates in the same plane. All multi-well plates are 

centrifuged with the center of the major plane of the filter perpendicular to a swing 
radius vector of the centrifuge. Filtrations of some, especially viscous samples, (e.g. 
serum or plasma) can take a long time to collect even a minimum filtrate volume. On 
the other hand, the volume of the filtrate is not homogeneously distributed through the 

1 0 plate. Generally, outer wells of the plate have more filtrate volume and the inner rows 
of the plate have the least amount of filtrate, thereby causing an uneven filtrate 
distribution or "smile effect", as shown in Figure 1 . It is known that the filtration of 
proteins such as serum result in reduced filtration rates known as concentration 
polarization or fouling which is caused by forcing these large biomolecules on the 

15 active membrane surface. This effect also occurs in swinging bucket rotors since there 
is no control in the concentration polarization of the membrane. 

Therefore, a need exists for an apparatus and method to form a more uniform 
distribution of filtrate volume in all the wells in addition to controlling the polarization 
and creating a faster filtration rate. 

20 SUMMARY OF THE INVENTION 

The present invention relates to a fluid filtering device having a centrifuge and a 
plurality of filtering wells within a plate placed in the centrifuge, wherein each filtering 
well includes a membrane for filtering a fluid. An angling mechanism can adjust the 
angle of the plate to a non 90° angle relative to a line wherein the line is perpendicular 

25 to the axis of rotation of the centrifuge and passes through the center of a major plane of 
the plate. The angle controls the force vector tangential to the membrane. The angling 
mechanism can include a support device which holds the membrane at an angle relative 
to the line. This angling mechanism can include a wedge. The angling mechanism can 
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be placed between the center of rotation of the centrifuge and the base of a swinging 
bucket and can adjust the top-to-bottom orientation of the membrane, the side-to-side 
orientation of the membrane or the top-to-bottom and the side-to-side orientation of the 
membrane relative to the line. The filtering wells can be located in an array in a single 
5 plane or in the same plane. 

Each of the wells can include an angling mechanism. Each angling mechanism 
in each well can have an individually specified angle relative to the line. This angle can 
adjust the fluid flow rate filtered through the membranes for each well. The membranes 
can be at a non 90° angle relative to the line at rest. The angle can be formed within a 
10 range of 85° and 60° relative to the line or can be formed within a range of 88° to 60° 
l relative to the line. The membrane can be made from either a microfiltration membrane 

or an ultrafiltration membrane. The wells can be arranged to form rows and columns, 
y The angles of the membranes within a row can be substantially the same. 

- The invention also relates to a centrifuge having a housing, a rotating 

; j 1 5 mechanism within the housing, wherein the rotating mechanism includes a swinging 

bucket, and a fluid filtering device which include fluid filtering wells having a 
=S membrane and an angling mechanism where the fluid filtering device is placed within 

" ? the rotating mechanism. The angling mechanism includes a support device to hold the 

;3 plane of the membrane at a non 90° angle relative to the line of the centrifuge. The 

" 20 angle of the angling mechanism can be in a range between 5° and 30° or can be within a 

range of 2° to 30°. The angling mechanism can set the angle of the membranes in a 
range between 88° and 60° relative to the line. Such an angling mechanism can include 
a wedge. 

The angling mechanism can be placed between the center of rotation of the 
25 device and the swinging bucket in the centrifuge and can adjust the top-to-bottom 

orientation, the side-to-side orientation or both the top-to-bottom and the side-to-side 
orientation of the membrane relative to the line. Alternately, each of the plurality of 
wells can include the angling mechanism. Each angling mechanism can include an 
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individually specified angle relative to the line. The filtration membrane can include 
either a microporous or an ultrafiltration membrane. 

The swinging bucket of the centrifuge can include a counterweight to prevent 
over rotation or control the pivot angle of the swinging bucket during centrifugation. 
5 The centrifuge can also include a "stop" to control the pivot angle of the swinging 
bucket during centrifugation. The centrifuge can also include a support assembly to 
hold the fluid filtering device at a fixed angle relative to the line of the centrifuge. 

The invention also relates to a fluid filtering device having a plurality of wells 
placed in the centrifuge where each well includes a membrane for filtering a fluid, 
10 where the membranes are at a non 90° angle relative to a line at rest and non-parallel to 
- the major plane of the plate. The line is perpendicular to the axis of rotation of the 

1 centrifuge and passes through the center of a major plane of the plate. The angle 

ij relative to the line can adjust the top- to-bottom orientation, the side-to-side orientation 

2 or both the top-to-bottom and side-to-side orientation of the membrane relative to the 

3 15 line. The filtering wells can be located in an array in the same plane. Each membrane 

in each well can include an individually specified angle relative to a major plane of the 
t plate. This angle can be between approximately 3° to 30° relative to the major plane of 

* the plate or can be between 2° and 30° relative to the major plane of the plate. The 

2 membrane can include either a micro filtration or an ultrafiltration membrane. 

J 20 A fluid filtering device also includes a plurality of filtering wells within a plate, 

where each well has a membrane for filtering a fluid, and an angling mechanism where 
the angling mechanism sets the angle of the membranes within the plurality of filtering 
wells at a non 90° angle relative to a line where the line is perpendicular to an axis of 
rotation of a centrifuge and passes through the center of a major plane of the plate. 
25 Alternately, the filtering device has a plurality of wells within a plate, each well having 
a membrane, and angling mechanism which sets the angle of one or more of the 
membranes at a non-zero angle relative to the plane of the plate. For either filtering 
device, the angling mechanism can include a support to set the membrane at an angle 
relative to the line or the plate and can also include a wedge. For either filtering device, 



0046.2001-000 

T 

-5- 

the angle of the membranes can be adjusted in a top-to-bottom orientation, a side-to-side 
orientation or both a top-to-bottom and a side-to-side orientation relative to the line or 
the plate, respectively. The filtering wells can be located in the same plane and each 
membrane in each well can include an individually specified angle relative to the plane 
5 of the plate. 

The present fluid filtering device has an advantage in that it can increase average 
volume filtered during centrifugation and the filtrate volume is substantially uniform 
with little well-to-well filtrate volume variability, thereby minimizing a "smile effect" as 
compared to a flat plate with all wells in the same orientation from the plane of the flat 
10 plate and that the plane of the flat plate is normal to the swing radius vector. 

3 Using an angling mechanism can increase the average filtrate flow rate among a 
i plurality of wells in a filtration well plate. This can be accomplished by angling the 

4 membranes of the wells at an angle relative to a line in a centrifuge or by angling the 
plate relative to a line in a centrifuge. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 
g The foregoing and other objects, features and advantages of the invention will be 

d : apparent from the following more particular description of preferred embodiments of 

3 the invention, as illustrated in the accompanying drawings in which like reference 

s? characters refer to the same parts throughout the different views. The drawings are not 

20 necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

Figure 1 illustrates a pattern of volumes of a fluid filtered, such as serum, using 
a flat plate in a centrifuge. 

Figure 2 illustrates a multi-well filtration plate. 
25 Figure 3 illustrates another embodiment of a ninety-six well filtration plate and a 

filtrate collection plate. 

Figure 4 shows a cross-sectional schematic view of a single filtration well. 
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Figure 5 shows a filtration well plate placed flat within a swinging bucket in a 
centrifuge. 

Figure 6 illustrates a filtration well plate placed at an angle within a swinging 
bucket in a centrifuge. 

5 Figure 7 shows the average filtration volume by row of a filtration well plate for 

both an angled and non-angled plate. 

Figure 8 illustrates the average filtration volume by column of a filtration well 
plate for both an angled and non-angled plate. 

Figure 9 illustrates a schematic side view of a centrifuge having a filtration well 
10 placed at a top to bottom angle relative to the line of the centrifuge. 

Figure 10 illustrates a schematic top view of a centrifuge showing a filtration 
well placed at a side to side angle relative to the line of the centrifuge. 

Figure 1 1 illustrates a plurality of wells having varying membrane angles. 
Figure 12 shows a swinging bucket in a centrifuge having a counterweight. 
1 5 Figure 1 3 shows a centrifuge having a stop. 

Figure 14 illustrates a configuration of a filtration well plate mounted in a 
centrifuge. 

Figures 15 and 16 show a comparison of the volume of filtrate filtered by a flat 
plate and an angled plate, analyzed by row. 
20 Figures 17 and 18 show a comparison of the volume of filtrate filtered by a flat 

plat and an angled plate, analyzed by column. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 2 illustrates a filtration well plate given generally as 10. The filtration 
well plate 10 has a housing 12 containing a plurality of wells 18. Typically, 2, 6, 8, 12, 
25 24, 48, 96 or 384 wells are in each plate 10. The wells 18 can form an array having 
rows 14 and columns 16. In a 96 well plate, the rows 14 of wells 18 can have a total of 
eight rows, labeled A-H, and the columns 16 of wells 18 can have a total of twelve 
columns, labeled 1-12. A filtration well plate having these dimensions provides a total 
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of ninety-six individual wells 18 which can form an array within a single plane. The 
face of the well plate 10 forms a major plane 15 of the plate 10. The filtration well plate 
10 is positioned on top of a collection well plate 19, which allows collection of a filtered 
fluid, as shown in Figure 3. 
5 Figure 4 illustrates a single well 18. The well 1 8 includes a storage chamber 20 

on top of a filtrate collection chamber 22. A connector 24 can be located between the 
storage chamber 20 and the filtrate collection chamber 22 to allow for secure attachment 
between the chambers 20, 22. Fluid to be filtered is placed in the storage chamber 20 
and filters through a membrane 26 into the collection chamber 22. The membrane 26 
10 can be a micro filtration membrane, or an ultrafiltration membrane or a Microcon® 
holder plate available from Millipore Corporation, Bedford, Massachusetts. 

To perform a filtration, fluid is placed within the storage chambers 20 of the 
wells 18 of a filtration well plate 10. The well plate 10 is then placed flat within a 
swinging bucket in a centrifuge. As the centrifuge rotates, the swinging bucket and well 
1 5 plate about a center of rotation, the swinging bucket alters its position such that the base 
of the bucket and the well plate 10 are parallel to the housing wall of the centrifuge and 
such that the plane 15 of the flat or non-angled plate 10 is perpendicular to a line which 
is perpendicular to the axis of rotation of the centrifuge. The gravitational force 
(g-force) generated by the centrifuge during rotation of the swinging bucket forces fluid 
20 within the wells 1 8 through the membrane 26 and into collection chamber 22 

Figure 5 illustrates a top view of a filtration well plate 10 as typically located 
inside a centrifuge, during rotation. The filtration well plate 10 rests flat against a 
swinging bucket 28 in the centrifuge. Each well location has a different swing radius 
vector relative to the center of rotation 34. For example, membrane 26' is located a 
25 distance corresponding to swing radius vector 32' away from the center of rotation 34. 
Similar relations exist for membranes 26" and 26"' and swing radius vectors 32" and 
32 m , respectively. The normal to each membrane 26', 26", 26 m forms an angle 30 with 
each respective swing radius vector 32', 32", 32"'. When the well plate 10 is placed flat 
within a swinging bucket, the angle 30 formed increases for wells more distant from the 
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center 37 of the plate. As described, the centrifuge can also have a line 35 located 
between the axis of rotation 34 of the centrifuge and the center 37 of the plane 39 of the 
plate 10 where the line is perpendicular to the axis of rotation of the centrifuge. In this 
embodiment, plane 39 extends through the center points of the membranes. When the 
5 plate 10 is placed flat within the swinging bucket, and during a centrifugation 
procedure, the plane 15 of the plate forms a 90° angle with the line 35. 

Figure 6 shows a filtration well plate 10 placed in a swinging bucket 28 with an 
angling mechanism 36. The angling mechanism 36 can include a support device to hold 
the membranes 26 at an angle relative to the line 35. The angling mechanism 36 can 
10 include a wedge 38. The angling mechanism 36 adjusts the angle of each membrane 26 
within each of the plurality of wells 18 to form a non 90° angle with respect to the line 
35. 

Filtrate rate minimum values are determined when the plate 10 is placed flat 
within a swinging bucket and the plane 15 of the plate 10 is perpendicular to the line 35, 

15 as shown in Figure 7 and identified as Flat 1 and Flat 2. The minimum filtrate values 
for serum are illustrated in Figure 1, rows E and D. Placing the filtration well plate 10 
at an angle with respect to the line 35 can increase the average flux of material filtered 
by the membrane 26 as compared to the flat plate. An increase of flux allows a user to 
reduce the amount of time needed to filter a fluid, obtain more filtrate volume per well, 

20 and reduce the amount of force generated by the centrifuge during a filtering operation. 
Use of an angling mechanism 36 can also reduce the well-to-well filtrate volume 
variability found in use of non-angled filtration wells 10. The angling mechanism 36 
can adjust the angle of the membrane to a non 90° angle relative to the line 35. 
Preferably, the membranes form an angle between 85° and 60° relative to the line 35. 

25 The membranes can form an angle between 88° and 60° relative to the line 35. The 
angles formed relative to the line 35 have a tolerance of +/- one degree. The average 
volume of serum filtered by row and by column for the angled filtration plate of Figure 
6 is shown in Figures 7 and 8, with rows A-H in Figure 6 corresponding to rows A-H in 
Figures 7 and 8. 
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Figure 7 illustrates a graph showing the average volume of material filtered such 
as, for example, serum, by a filtration well plate 10 by row when the plate 10 is placed 
either flat within a swinging bucket or with an angling mechanism within a swinging 
bucket in a centrifuge. Filtration well plates 10 placed flat 42 within the swinging 
5 buckets of a centrifuge show a "smile effect" of the volume of fluid filtered. In the 
"smile effect; 1 the wells 18 on the end rows, such as rows A and B and rows G and H of 
the filtration well plates 10 show a greater average volume of fluid filtered, compared to 
the rows located toward the center of the filtration plate 10, such as rows D, E and F 
which show a lesser average volume of fluid filtered. Such a distribution produces a 

1 0 pattern which is similar to the shape of a smile. Filtration well plates 10 placed at an 
angle 40 within the swinging buckets of the centrifuge show an average increased 
volume 44 of fluid filtered towards the end rows of the wells, such as rows D-H, that are 
angled towards the center of rotation of the centrifuge. The angling mechanism 36 can 
skew the "smile effect" toward the filtration wells 18 angled toward the center of 

1 5 rotation of the centrifuge. 

Table 1 illustrates, as an example, the average volume of filtrate collected by 
row for 96 well filtration plates placed both flat within a centrifuge and at an angle 
within a centrifuge. The table also lists the swing radius vector for each row in both the 
wedged and flat plates. The angles listed in Table 1 refer to the angle of the wedges 

20 with respect to the base of the bucket. 
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Table 1 - Average Volume of Filtrate Collected 





Wedge 


Flat 


Row 


Swing 
Radius 
Vector 
K m ) 


Angle 


Average 
Volume 


Swing 
Radius 
Vector 
(in) 

V 11 !/ 


Angle 
(degrees) 


Average 
Volume 

Oil) 


A 


5 0197 


3.519 


40.40 


5.6022 


12.799 


64.04 


B 


5.0104 


0.532 


42.72 


5.5345 


9.217 


54.11 


C 


5.0262 


4.577 


46.54 


5.4888 


5.561 


48.07 


D 


5.0669 


8.578 


61.27 


5.4659 


1.859 


44.13 


E 


5.1318 


12.496 


66.05 


5.4659 


1.859 


42.91 


F 


5.2200 


16.298 


76.25 


5.4888 


5.561 


49.57 


G 


5.3304 


19.959 


86.39 


5.5345 


9.217 


60.03 


H 


5.4616 


23.458 


93.10 


5.6022 


12.799 


61.98 



Table 2 shows an example of the total average volume of filtrate accumulated by 
both a flat and a wedged plate. On average, the wedged plate collected a greater overall 
amount of filtrate volume than did a flat plate. 



Table 2 - Total Average Volume of Filtrate 





Total 
Average 

(Hi) 


Lowest 
Value in 
Plate (ul) 


Low 
Average in 
Plate (ul) 


Highest 
Value in 
Plate (ul) 


High 
Average in 
Plate (ul) 


Wedge 1 


63.61 


26.46 


37.97 


96.85 


92.95 


Wedge 2 


64.57 


38.24 


42.83 


94.73 


93.24 


Flat 1 


51.18 


14.94 


38.61 


72.13 


63.25 


Flat 2 


55.02 


35.89 


45.44 


70.02 


65.74 
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Figure 8 illustrates the average volume 44 of fluid filtered by filtering wells 18 
placed either flat against the swinging bucket of the centrifuge or at an angle in the 
swinging bucket of the centrifuge in a 96 well plate. When filtration well plates 10 
angled 40 within the centrifuge, the average volume 44 of fluid filtered through a 
5 membrane 26 is greater than the average amount of fluid filtered by the membrane when 
the filtration well plates 10 are placed flat 42 within the centrifuge. For plate columns 
48, of which there are twelve, the filtration wells 18 placed at an angle show a greater 
amount of average fluid volume filtered than wells 18 which were placed in the 
centrifuge flat against the swinging bucket. 
10 The filtration wells 10 can be placed at an angle within the centrifuge such that 

there is a top-to-bottom angle 52, a side-to-side angle 54 or a combination top-to- 
bottom and side-to-side angle of the filtration well plate 10 with respect to the line 35. 
Figure 9 illustrates a schematic view of filtration well plate 10 having an angling 
mechanism 36 which angles the filtration wells 10 at a top-to-bottom angle 52 with 
15 respect to line 35. Such an angle can help to increase the amount of average fluid 

filtered by the wells 18 within the filtration plate 10. Figure 10 illustrates a schematic 
top view of a centrifuge having a filtration well 10 with an angling mechanism 36 where 
the angling mechanism orients the filtration wells at a side-to-side angle 54 relative to 
the line 35. Again, this angle can help to increase the amount of average fluid filtered in 
20 the filtration wells 1 8 . 

As an alternate to using a wedge 38 as an angling mechanism 36, the membranes 
26 within the wells 18 can be set at individually specified angles relative to the line 35 
or relative to the filtration well plate 10. Figure 1 1 illustrates plurality of wells 18 
within the filtration well plate 10 having membranes 26 angled relative to the well plate 
25 10. The angle of each filter can be set using an angling mechanism 36. The angling 
mechanism 36 can set each membrane 26 at a non 90° angle relative to the plane of the 
plate 10. The angle of the membranes 26 can be the same for each well 18. Alternately, 
the membranes 26 can be set at individual angles. Shown in Figure 11, each membrane 
26 has individual, angle 56, 58 and 60 at which it is set relative to the well plate 10. 
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Such individual angles allow control of the amount of fluid filtered through the filter 
from the storage chamber into the collection chamber 22. Preferably, the angle of the 
membrane can be between approximately 5° and 30° degrees relative to the plane of the 
plate 10. The angle of the membrane can also be between 2° and 30° relative to the 
5 plane of the plate. The angle formed relative to the line can have a tolerance of +/- one 
degree. 

When the centrifuge 50 is in operation, the swinging buckets to which the 
filtration well plates 10 attach or in which the filtration well plates 10 are placed, rotate 
about a center of rotation 34 of the centrifuge 50. The centrifuge 50 can include a 

10 mechanism to prevent over rotation of the swinging bucket during centrifugation of a 
fluid and to maintain the filtration wells 18 or the membranes 20 at an angle relative to 
the swing radius vector. For example, the centrifuge can include a counterweight placed 
within the swinging bucket to establish an angle of the swinging bucket relative to the 
center of rotation of a centrifuge. The mechanism can also include a stop 64 to prevent 

15 over rotation of the swinging bucket during a centrifuge procedure and to hold the 
filtration wells plates 10 or the membranes 26 at a fixed angle relative to the line 35 of 
the centrifuge during a centrifuge procedure as shown in Figures 12 and 13. With using 
the counterweight 60 or stop 64 to maintain the plate at an angle, the plate is placed flat 
within a swinging bucket 62 of a centrifuge 50. The counterweight 60, Figure 12, and 

20 the stop 64, Figure 13 maintain the plate 10 at an angle with respect to the line 35, as 
shown. The swinging bucket 62 can connect to a swinging arm 65 of the centrifuge 50 
by a pivot 67. The stop 64 can be located between the swinging bucket 62 and a swing 
arm 65 of the centrifuge 50 and can also be connected to the pivot 67. The 
counterweight and the stop can also maintain an angle of the swinging bucket relative to 

25 the line 35 during centrifugation of a fluid. 

To angle either the plate 10 or the membranes 26 at an angle relative to the line 
35 of the centrifuge, the plate can be formed so as to include an angling mechanism 
integral with the plate. The angled plate can be placed into a centrifuge, without a 
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separate angling mechanism, while producing the same fluid filtration rates and average 
volumes filtered as a flat plate placed in a centrifuge with an angling mechanism. 

In a preferred configuration, illustrated in Figure 14, the filtration well plate 10 
is angled at a top-to-bottom angle with the top of the well plate 10 angled toward the 

5 center of rotation 34 of the centrifuge 50. In one configuration, the centrifuge runs for a 
period of between 30 and 90 minutes at 2,000 to 3,000 x gravity for serum or plasma 
samples or other highly polarizing or boundary layer forming fluids. The plane 15 of 
the well plate 10 forms an angle 68 of 10 degrees and can form an angle between 5° and 
30° or between 2° and 30° with respect to a vertical surface 66, such as the swinging 

10 bucket 62. An angling mechanism 36 can be used to angle the well plate 10 ten 

degrees. A counterweight can be used in the swinging bucket to provide the angle. The 
plates 10 can be centrifuged at 2,000 x g (3,500 RPM) for a period of 60 minutes. 

Table 3 illustrates a comparison of the average volume of adult bovine serum 
filtered for a flat plate and a plate angled within a centrifuge according to the preferred 

1 5 configurations. The average volume is analyzed by row. 



Table 3 - Average Volume in the Filtrate 





Control 1 


Control 2 


Wedge 3 


Wedge 4 


A 


57.3 


50.9 


82.6 


78.3 


B 


48.1 


43.3 


70.7 


68.6 


C 


38.0 


33.9 


61.3 


57.8 


D 


32.0 


29.2 


56.6 


52.1 


E 


30.1 


29.8 


54.1 


50.5 


F 


33.2 


33.1 


63.6 


54.6 


G 


41.6 


39.3 


67.9 


63.3 


H 


51.9 


45.7 


78.7 


75.0 
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Figures 15 and 16 provide a graphical representation of the data presented in 
Table 3. 

Table 4 shows another comparison of the average volume of adult bovine serum 
filtered for a 96 well flat plate and an angled 96 well plate placed in a centrifuge 
5 according to one configuration. In this comparison, the average volume of filtrate 
collected is analyzed by column. 



Table 4 - Average by Plate Column 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Control 1 


46.4 


44.4 


43.0 


42.8 


40.8 


40.4 


38.9 


38.0 


38.5 


40.4 


41.3 


43.0 


Control 2 


43.9 


41.1 


43.1 


37.8 


36.8 


36.3 


35.1 


34.2 


35.5 


37.0 


38.1 


38.9 


Wedge 3 


66.5 


67.0 


68.6 


67.7 


68.8 


66.6 


67.2 


65.0 


66.3 


65.7 


71.8 


62,0 


Wedge 4 


62.9 


64.3 


63.9 


64.4 


64.1 


63.1 


60.4 


61.8 


61.8 


62.5 


62.9 


60.0 



Figures 17 and 18 illustrate a graphical representation of this data. As shown, 
the use of an angled plate in the configuration described provides a greater amount of 
filtrate filtered by the plate as compared to that filtered by the flat plate. Furthermore, 
1 5 use of the angling configuration provides a uniform volume of fluid filtered by column, 
compared to the amount filtered by the flat plate. 

Table 5 shows the average volumes of fluid filtered by the angled plate using the 
preferred configuration and the flat plate. The angled plates provided a higher average 
volume of fluid filtered as compared to the flat plates. 
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Table 5 - 60 min @ 2,800g (Beckman Centrifuge) 





Average/plate 


Lowest value 


Highest value 


Control 1 


41.5)11 


25.6)11 


64.5)11 


Control 2 


38.2|ll 


24.9)11 


59.4|ll 


Wedge 3 


66.9)11 


49.2)11 


87.0|il 


Wedge 4 


62.7|il 


44.4|il 


80.8)il 



While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A fluid filtering device comprising: 

a) a centrifuge; 

b) a plurality of filtering wells within a plate placed in the centrifuge, 
wherein each filtering well includes a membrane for filtering a fluid; and 

c) an angling mechanism, wherein the angling mechanism can adjust the 
angle of the plate to a non 90° angle relative to a line wherein the line is 
perpendicular to the axis of rotation of the centrifuge and passes through 
the center of a major plane of the plate. 

2. The device of Claim 1 wherein the angling mechanism includes a support device 
which can hold the membrane for filtering a fluid at an angle relative to the line. 

3. The device of Claim 2 wherein the angling mechanism includes a wedge. 

4. The device of Claim 1 wherein the angling mechanism is placed between the 
center of rotation of the centrifuge and the base of a swinging bucket. 

5. The device of Claim 1 wherein the angling mechanism adjusts the top-to-bottom 
orientation of the membrane relative to the line. 

6. The device of Claim 1 wherein the angling mechanism adjusts the side-to-side 
orientation of the membrane relative to the line. 
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7. The device of Claim 1 wherein the angling mechanism adjusts the side-to-side 
orientation and the top-to-bottom orientation of the membrane relative to the 
line. 

8. The device of Claim 1 wherein the filtering wells are located in an array in the 
same plane. 

9. The device of Claim 1 wherein each of the plurality of wells includes the angling 
mechanism. 

1 0. The device of Claim 9 wherein each angling mechanism in each well includes an 
individually specified angle relative to the line. 

1 1 . The device of Claim 1 wherein the plane of the membranes are at a non 90° 
angle relative to the line. 

12. The device of Claim 1 wherein the membrane includes a microfiltration 
membrane. 

13. The device of Claim 1 wherein the membrane includes an ultrafiltration 
membrane. 

14. The device of Claim 1 wherein said wells are arranged in rows and columns. 

15. The device of Claim 14 wherein the angles of the membranes within a row are 
substantially the same. 
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16. A centrifuge comprising : 

a) a housing; 

b) a rotating mechanism attached to a center of rotation within the housing, 
wherein the rotating mechanism includes a swinging bucket; and 

c) a fluid filtering device including a tray, a plurality of wells in said tray 
wherein said wells include a membrane and an angling mechanism, 
wherein the fluid filtering device is placed in the rotating mechanism and 
wherein the angling mechanism includes a support device which holds 
the membrane at a non 90° angle relative to a line wherein the line is 
perpendicular to the axis of rotation of the centrifuge and passes through 
the center of a major plane of the plate. 

17. The centrifuge of Claim 16 wherein angling mechanism sets the membranes at a 
non 90° angle relative to the line. 

18. The centrifuge of Claim 16 wherein the angling mechanism includes a wedge. 

1 9. The centrifuge of Claim 18 wherein the angling mechanism has an angle 
between 2° and 30°. 

20. The centrifuge of Claim 16 wherein the angling mechanism is placed between 
the center of rotation of the centrifuge and the base of the swinging bucket. 

21 . The centrifuge of Claim 16 wherein the angling mechanism can adjust the top- 
to-bottom orientation of the filtering device relative to the line. 

22. The centrifuge of Claim 16 wherein the angling mechanism can adjust the side- 
to-side orientation of the filtering device relative to the line. 
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23. The centrifuge of Claim 16 wherein the angling mechanism adjusts the side-to- 
side orientation and the top-to-bottom orientation of the membrane relative to 
the line. 

24. The centrifuge of Claim 16 wherein each of the plurality of wells includes the 
angling mechanism. 

25 . The centrifuge of Claim 24 wherein each angling mechanism in each well 
includes an individually specified angle relative to the line. 

26. The centrifuge of Claim 16 wherein the swinging bucket includes a 
counterweight to maintain an angle of the swinging bucket relative to the line 
during a centrifugation of a fluid. 

27. The centrifuge of Claim 16 wherein the centrifuge includes a stop to maintain an 
angle of the swinging bucket relative to the line during a centrifugation of a 
fluid. 

28. The centrifuge of Claim 16 wherein the centrifuge includes a support assembly 
to hold the fluid filtering device at a fixed angle relative to the line. 

29. A fluid filtering device comprising: 

a) a centrifuge; and 

b) a plurality of wells within a plate attached to the centrifuge, wherein each 
well includes a membrane for filtering a fluid, wherein the membranes 
are at a non 90° angle relative to a line of the centrifuge wherein the line 
is perpendicular to the axis of rotation of the centrifuge and passes 
through the center of a major plane of the plate. 
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30. The device of Claim 29 wherein the angle relative to the line includes a top-to- 
bottom orientation of the membrane. 

31. The device of Claim 29 wherein the angle relative to the line includes a side-to- 
side orientation of the membrane. 

32. The device of Claim 29 wherein the filtering wells are located in an array in the 
same plane. 

33. The device of Claim 29 wherein each membrane in each well includes an 
3 individually specified angle relative to the line. 

J 34. A method for filtering fluid comprising: 

2 a) providing a filtration well plate having a plurality of wells wherein each 

J well includes a membrane; 

b) providing an angling mechanism to adjust the angle of the membrane of 
% the filtering device to one or more non 90° angles relative to a line of a 

^ centrifuge wherein the line is perpendicular to the axis at rotation of the 

i centrifuge and passes through the center of a major plane of the plate; 

c) placing a fluid within the wells; 

d) placing the fluid filtering device and angling mechanism within a 
centrifuge; and 

e) centrifuging the fluid, thereby filtering the fluid through said membrane. 

35. The method of Claim 34 wherein the membrane angle relative to the line is in 
the range of between about 88° and 60° degrees. 



36. 



The method of Claim 34 wherein the fluid is filtered through a microfiltration 
membrane. 
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37. The method of Claim 34 wherein the fluid is filtered through an ultrafiltration 
membrane. 

38. A fluid filtering device comprising: 

a) a plurality of filtering wells within a plate wherein each filtering well 
includes a membrane for filtering a fluid; and 

b) an angling mechanism, wherein the angling mechanism sets the angle of 
the membranes within the plurality of filtering wells at a non 90° angle 
relative to a line wherein the line is perpendicular to an axis of rotation of 
a centrifuge and passes through the center of a major plane of the plate. 

39. The device of Claim 38 wherein the angling mechanism includes a support 
device which can hold the membrane for filtering a fluid at a non 90° angle 
relative to the line. 

40. The device of Claim 39 wherein the angling mechanism includes a wedge. 

41. A fluid filtering device comprising : 

a) a plurality of wells within a plate wherein each well includes a 
membrane for filtering a fluid; and 

b) an angling mechanism wherein the angling mechanism sets the angle of 
one or more of the membranes at a non-zero angle relative to the plane of 
the plate. 

42. The device of Claim 41 wherein the angle relative to the plane of the plate 
includes a top-to-bottom orientation of the membrane. 
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43. The device of Claim 41 wherein the angle relative to the plane of the plate 
includes a side-to-side orientation of the membrane. 

44. The device of Claim 41 wherein the filtering wells are located in an array in the 
same plane. 

45. The device of Claim 41 wherein each membrane in each well includes an 
individually specified angle relative to the plane of plate. 

46. A method for increasing average filtrate flow rate in a filtration well plate 
:| comprising: 

f a) providing a filtration well plate having a plurality of wells wherein each 

J well includes a membrane; 

« b) placing fluid within the wells; 

s | c) placing the filtration well plate in a centrifuge; 

d) angling the filtration well plate at a non 90° angle relative to a line 
'i perpendicular to the axis of rotation of the centrifuge and passing 

through a center of a major plane of the plate to increase the fluid flow 
:i rate of the fluid through the membranes; and 

*' e) centrifiiging the fluid, thereby filtering the fluid through the membranes. 

47. A method for increasing average filtrate flow rate in a filtration well plate 
comprising: 

a) providing a filtration well plate having a plurality of wells wherein each 
well includes a membrane; 

b) placing fluid within the wells; 

c) placing the filtration well plate in a centrifuge; 

d) angling the membranes at a non 90° angle relative to a line perpendicular 
to the axis of rotation of the centrifuge and passing through a center of a 
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major plane of the plate to increase the fluid flow rate of the fluid 
through the membranes; and 
e) centrifuging the fluid, thereby filtering the fluid through the membranes. 

A method for creating a uniform filtrate volume among a plurality of wells to a 
filtration well plate comprising: 

a) providing a filtration well plate having a plurality of wells wherein each 
well contains a membrane; 

b) placing fluid within the wells; 

c) placing the fluid filtering device in a centrifuge; 

d) angling the fluid filtering device at a non 90° angle relative to a line 
perpendicular to the axis of rotation of the centrifuge and passing 
through a center of a major plane of the plate to create a uniform filtrate 
volume of the fluid filtered through the membranes; and 

e) centrifuging the fluid, thereby filtering the fluids through the membrane. 

A method for creating a uniform filtrate volume among a plurality of wells of a 
filtration well plate comprising: 

a) providing a filtration well plate having a plurality of wells wherein each 
well contains a membrane; 

b) placing fluid within the wells; 

c) placing the fluid filtering device in a centrifuge; 

d) angling the membranes at a non 90° angle relative to a line perpendicular 
to the axis of rotation of the centrifuge and passing through a center of a 
major plane of the plate to create a uniform filtrate volume of the fluid 
filtered through the membranes; and 

e) centrifuging the fluid, thereby filtering the fluids through the membrane. 
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FLUID FILTERING DEVICE AND METHOD 
FOR FILTERING FLUID 

ABSTRACT OF THE DISCLOSURE 

A fluid filtering device includes a plurality of filtering wells and an angling 
5 mechanism which adjusts the angle of the membranes within the filtering wells relative 
to a line of a centrifuge where the line is perpendicular to the axis of rotation of a 
centrifuge and passes through the center of a major plane of the filtering device. The 
angling mechanism can include a wedge located between the center of rotation of a 
centrifuge and a swinging bucket of the centrifuge. The angling mechanism can also be 
10 located within each filtering well and can provide individually specified angles for each 
membrane, relative to the line of the centrifuge. 



Wedge vs, flat filtrate vol. distribution 




F^urc 7 



Filtrate volume 




